Forster Resonance Energy Transfer and Laser Fluorescent Analysis of
  Defects in DNA Double Helix by Bregadze, Vasil G. et al.
1 
 
Förster Resonance Energy Transfer and Laser Fluorescent Analysis of 
Defects in DNA Double Helix 
Vasil G. Bregadze
1
, Zaza G. Melikishvili
2
, Tamar G. Giorgadze
1
, Zaza V. Jaliashvili
2
, 
Jemal G. Chkhaberidze
1
, Jamlet R. Monaselidze
1
, Temur B. Khuskivadze
1
 
1
 Department of Biological System Physics, Ivane Javakhishvili Tbilisi State University, Elevter 
Andronikashvili Institute of Physics, 6, Tamarashvili Str. 0177 Tbilisi, Georgia 
2
 Department of Coherent Optics and Electronics, Georgian Technical University, Vladimir 
Chavchanidze Institute of Cybernetics, 5, Euli Str., 0186, Tbilisi, Georgia 
 
Corresponding author: Vasil G. Bregadze  v.bregadze@aiphysics.ge, vbregadze@gmail.com 
 
Keywords: Laser induced fluorescence spectroscopy, Förster resonance energy transfer, DNA, 
acredine orange, ethidium bromide, high quality stability of double helix 
 
Abstract 
Real time laser induced fluorescence spectroscopy usage for microanalysis of DNA 
double helix defects is shown. The method is based on Förster resonance energy transfer 
(FRET) in intercalator-donor pair (acridine orange as a donor and ethidium bromide as 
an acceptor). Transition metal ions such as Cu(II), Cu(I), Ag(I), silver nanoparticles 
(AgNPs), photo- and thermo effects were used to cause double helix defects in DNA. 
 FRET radii were experimentally estimated in background electrolyte solution (0.01 M 
NaNO3) and proved to be 3.9 ± 0.3 nm and the data are in satisfactory agreement with 
the theoretically calculated value R0 =  3.5 ± 0.3 nm. 
 Concentration of DNA sites, exposed to Cu(II), Cu(I), Ag(I) ions, AgNPs  impact as 
well as laser irradiation (λ = 457 nm) and temperature, which are  applicable for 
intercalation, were estimated in relative units. 
FRET method allows to estimate the concentration of double helix areas with high 
quality stability applicable for intercalation in DNA after it was subjected to stress 
effect. It gives the opportunity to compare DNAs of 1) different origin; 2) with various 
damage degrees; 3) being in various functional state. 
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Introduction 
 There is a tendency in modern medicine lately to use the so-called Förster resonance 
energy transfer (FRET) in donor-acceptor pair of dye   molecules which intensely absorb light in 
the visible regions of spectrum and have significant quantum yield [1 - 6]. Microscopic FRET is 
also used for cytological diagnosis of tumors [7 - 14]. 
 On the other hand, there are nearly no works where quantitative estimation of FRET 
applied to DNA is given. For instance, energy transfer (ET) effectiveness, quantitative estimation 
of DNA double helix conditions, accessibility of nuclear DNA to intercalator, etc. have not been 
yet estimated. In this connection it is up-to-day the modeling of DNA defects in solution and 
estimation of the quality of double helix. It is interesting to study a stress impact on the DNA by 
transitive metal (TM) ions, laser irradiation and heating. 
 Interaction of intercalator molecules with DNA, particularly, acridine orange (AO) and 
ethidium bromide (EB), depends on ionic strength of the solution, DNA nucleotide content, its 
sequence [15] and double helix structure. Besides, such interaction depends on transition metal 
ions (TM) [16] which cause ejection of intercalators, though intercalator molecules and TM ions 
have different binding sites on DNA. We should point out that AO and EB molecules as well as 
TM ions (Mn(II), Co(II), Ni(II), Cu(II) and Zn(II)) at interaction with DNA double helix have 
similar values of stability  constants and their pK are in 4 – 6 interval [15].  At interaction with 
DNA TM ions provoke point defects such as double proton transfer in GC pairs, depurinization, 
create inter strand cross-links [17] which are the reason of intercalators ejection from DNA [16]. 
In its turn, the above influences the efficiency of nonradiative transfer of electronic excitation 
energy   from donor (D) to acceptor (A). 
 The base of Förster mechanism of nonradiative transfer of electronic excitation energy   
is the so-called inductive-resonance transfer of energy from D to A, where dipole-dipole 
interaction dominates. According to Förster in our case the rate of energy transfer kET is in direct 
ratio to donor emission quantum yield (qoD), overlap integral donor emission spectra and 
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acceptor molecule extinction coefficient; and inversely to solvent refraction index in the fourth 
degree, distance between excited D
*
 and A in the sixth degree, and τD is the donor emission 
decay time [18]. 
 On the other hand, at inductive-resonance transfer of energy trough thin dielectric layers 
with alternative thickness d and permanent concentration of D and A the following correlation 
will be achieved [19, 20]. 
 
  
   
   
  
   
     
  
 
 
 
 
  
                                                                                                                 
 
where s = 4, 6 and 2 are the energy transfers, consequently, for electric dipole – electric dipole, 
electric quadruple – electric dipole and magnetic dipole – electric dipole, d0 – critical thickness 
of the layer. Correlation (1) in case of energy transfer from AO to EB intercalated in DNA 
double helix, can be re-written as follows: 
 
  
   
   
  
   
     
  
 
 
 
 
  
                                                                                                                 
 
where qoD is the quantum efficiency of donor fluorescence when the distance between energy 
donor and acceptor R→∞, qD at a given R, qoA is the quantum efficiency of sensibilized acceptor 
fluorescence at R→0 and qA at a given R The value eET = 1 – qAO /qoAO was estimated as electron 
excitation energy transfer efficiency. 
 So, having definite concentration of intercalated pair D–A in DNA, and changing the 
concentration of DNA double helix the efficiency of energy transfer in the particular D-A pair 
can be sufficiently changed. Thus, the efficiency of energy transfer is proportional to DNA 
double helix site concentration. In Section 3 we show the validity of such approach for DNA-
AO-EB ternary complexes. 
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 The goal of the present research is development and application of laser induced 
fluorescence excitation energy transfer method to donor-acceptor intercalator pair for 
quantitative and qualitative study of stability quality DNA double helix in solution, in real time. 
The approach is based on the example of acridine orange molecule (donor) and ethidium 
bromide (acceptor) intercalated in DNA. 
 
2. Materials and Methods 
2.1. Materials 
2.1.1. DNA. In our tests we used the Calf thymus DNA (40% GC), ‗Sigma‘. The concentration of 
nucleic acids was determined by UV absorption (spectrophotometer Specord M40, Carl Zeiss) 
using molar extinction coefficients (ɛ = 6600 cm-1 M-1 at λ = 260 nm). The double helix structure 
of the polymers was proved by their hyperchromicity (> 30%) and their typical thermal 
denaturation transition. (measured in 0.01 M NaNO
3
, pH  6.0). pH was checked by pHmeter 
HANNA Instruments pH213. 
2.1.2. Intercalators. Acridine orange (AO) was purchased from ‗Sigma‘. The concentration of the 
dye was determined colorimetrically at the isobestic point of the monomer-dimer system (λ=470 
nm) using the molar extinction coefficients (ɛ = 43 300 cm-1M-1). Ethidium bromide (EB) was 
also purchased from ‗Sigma‘. The concentration of the dye was determined colorimetrically (ɛ = 
5600 cm
-1
M
-1 
at λ = 480 nm). 
2.1.3. Ions. We used chemically pure copper chloride. Bidistillate water served as a solvent. In 
tests with Ag
+
 ions chemically pure salts AgNO3 were used and NaNO3 served as background 
electrolytes.  
2.1.4. Nanoparticles. Colloidal silver suspension with particle sizes of 1-2 nm in distilled water 
(200μg/ml) was purchased from DDS Inc., D/B/A, Amino Acid & Botanical Supply P.O Box 
356, Cedar Knolls, NJ 07927.  
 
2.2. Instrumentation 
2.2.1. Absorption spectra of DNA complexes with intercalators AO and EB were registered in 
real time using CCD spectrometer AvaSpec ULS 2048-USB2. It should be underlined that 
registration of fluorescence  spectra excited by laser irradiation is necessary to carry out in real 
time as at such excitation of intercalators, AO in particular, its fast photo-oxidation takes place 
(see Fig. 1 and 2). Fig. 1 demonstrates laser irradiation effect (λ = 457 nm) on absorption spectra 
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of DNA complexes with AO. It is clearly seen that 20 min irradiation oxidizes 50% of AO 
molecules.  Fig. 2 shows the data on laser irradiation effect on AO molecules in binary and 
ternary complexes AO – DNA, AO-DNA-Cu(II), AO- DNA-Cu(I) and AO-DNA-EB. 
2.2.2. Diode laser SDL – 475 – 100T (Shanghai Dream Lasers Technology Co., Ltd.) was used 
for irradiation and excitation (λ = 457 nm with optical beam cross-section 2 mm, and P = 200 
mW) of laser induced fluorescence spectra. 
2.2.3. Registration of fluorescence spectra of AO in binary and ternary DNA complexes was 
carried out in two ways: 
 2.2.3.1. In 1cm quartz fluorescent cells on luminescence spectrometer SDL-1 (Russia). The 
volume of samples under investigation was 1.5 ml. For fluorescence excitation of AO diode laser 
(λ = 457 nm) was used. For real time fluorescence spectra registration (registration time 8 msec) 
CCD spectrometer was used. Fig. 3 demonstrates fluorescence spectra of binary and ternary AO 
complexes (AO-DNA and AO-DNA-EB). To the left of fluorescence spectrum Rayleigh 
scattering from laser radiation is clearly seen.  
2.2.3.2. In glass rectangular cells of two sizes (height 6 and 12 mm, volume 40 and 80µl and 
diameter 3mm) intended for Raman scattering spectra registration with the application of light 
system DFS-24 (Russia) shown in Fig. 4. The light system was modified by our group to register 
fluorescence and is intended specially for experiments with laser excitation system. It is designed 
to provide the most effective application of excitation irradiation and irradiation of the light 
scattered by the sample. It is achieved by a) focusing the exciting irradiation in the sample 
volume; b) application of a high –aperture projection lenses and additional mirrors exercising 
multiple passage of the exciting beam through the sample, and the light, scattered in the opposite 
direction, is returned to the slit of the spectrometer. Fig. 5 presents fluorescence spectra of 
ternary AO-DNA-EB complexes.  Just like in Fig. 3 to the left of fluorescence spectrum Relay 
scattered from laser light is clearly seen. The analysis of fluorescence spectra of ternary complex 
AO-DNA-EB shown in Fig. 3 and 5 presents good coincidence though the spectra were 
registered by various methods. 
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3. Results and Discussion 
Fig.6 shows fluorescence spectra of binary and ternary AO-DNA and AO-ED-DNA 
complexes where concentration of DNA changes the distance between donor AO and acceptor 
EB. AO and EB concentrations were constant and equal to 0.14 x 10
-4
 M.  DNA concentration 
varied from 0.5 x 10
-4
 to 10 x 10
4 
M per base pair (bp). Fig. 7 shows the ignition curves of AO 
fluorescence depending on the distance between AO and EB intercalated in DNA. The distance 
between donor and acceptor are given in nm and in bp units. The ignition curves of AO 
fluorescence are build in correspondence to Eq. (2) for s index equal to 4 , 6 or 2. An important 
characteristic of energy transfer process is Foerster distance R0. At this distance, half of the donor 
molecules decay by energy transfer and the other half decays by the usual radiative and 
nonradiative rates [21]. 
 
           
                 
   
                                                                                             
 
This expression allows the Förster distance to be calculated from the spectral properties ( J()) of 
the donor and the acceptor and the donor quantum yield (qoD), i.e. in terms of the experimentally 
known values taking into account the environment refractive index (n) and fluorescent molecules 
orientation factor (2). In our case J() = 2.72  1014 M-1(cm)3(nm)4, qoD = 0.75 [22], 
2
 = 2/3. 
For the index of refraction we choose n = 1.6 [23]. Thus, the Förster distance is calculated as R0 
= 3.5  0.3 which is in good agreement with experimental value R0 = 3.9  0.3. 
Table 1. Calculated values of R0 for different n and  
2 
  R0 (bp) R0 (nm) 
 2 = 
 
 
  2 = 
 
 
  2 = 
 
 
  2 = 
 
 
 
1.33 11.72 11.17 3.98 3.79 
1.40 11.32 10.79 3.85 3.67 
1.60 10.36 9.87 3.52 3.35 
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Table 1 presents calculated values of R0 for different n and  
2
. As a refraction index some 
authors use n = 1.33 (water) [27], others assumed n to be 1.40, which is valid for biomolecules in 
aqueous solution [21] or n = 1.60 in the case of DNA [23]. In all cases any dispersion effects are 
ignored. The term  2 is a factor describing the relative orientation of donor and acceptor 
transition dipoles in space.  2 is usually assumed to be equal to 2/3 which is appropriate for 
dynamic random average orientation of the donor and acceptor. . When the donor and acceptor 
are oriented in parallel planes, then  2 = 1/2 (for details see [21]). Evidently the orientation factor 
 2, and refractive index n for different media do not affect significantly on R0 value.  
In Fig.7 we can see that theoretical curve describing electron excitation transfer for the 
case electric dipole – electric dipole (S = 4) corresponds to experimental data the best. Table 2 
gives values for efficiency eET = (1 – qD/qoD) for AO intercalated in DNA depending on the 
distance between AO and EB given in bp units. The same table allows to estimate the distance 
between donor and acceptor in correspondence with the values of eET evaluated from 
fluorescence spectra of FRET. 
Table2. Efficiency of energy transfer  eET = (1 – qD/qoD )  from AO donor to EB acceptor 
depending on the distance R between them. 
eET  R (bp) 
 
eET R (bp) 
 
0.999 1 0.164 16 
0.995 2 0.135 17 
0.985 3 0.112 18 
0.963 4 0.093 19 
0.927 5 0.078 20 
0.872 6 0.066 21 
0.800 7 0.055 22 
0.715 8 0.047 23 
0.622 9 0.040 24 
0.529 10 0.035 25 
0.442 11 0.030 26 
0.365 12 0.026 27 
0.300 13 0.023 28 
0.245 14 0.020 29 
0.201 15 0.018 30 
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 It is well known and it was shown in our work [17] too that transition metal ions at 
interaction with DNA  cause or participate in different conformational changes, e.g., Cu(II) ions 
initiate DNA transition from B to C form [24]; with the help of TM ions and ethanol B-Z 
transition can be initiated [17]. Effect of Ag(I) ions on structure of DNA is known [25]. As far as 
in 1996 we discovered ejection of AO and EB intercalators from DNA. Besides, the rise of 
temperature in the solution causes melting of DNA double helix. In this connection it was 
interesting to investigate the electron excitation transfer in D-A pairs intercalated in DNA that is 
under the effect of different stress factors with the aim of finding  intact sites of DNA double 
helix. 
 Figs. 8, 9, 10 and 11 demonstrate the influence of Cu(II), Cu(I), Ag(I), Ag NPs and laser 
irradiation (λ = 457 nm) on electron excitation energy transfer efficiency from AO to EB 
intercalated in DNA which is shown in the rise of effectiveness FRET.  The estimated data are 
given in Table 3. There are also the data for the distance between AO and EB in bp units, as well 
as the relative concentrations of DNA sites applicable for intercalation. The Figs. 8-11 also show 
that these ions quench AO fluorescence – the phenomena was studied by our group in [16, 26] 
and it is connected with doth dynamic quenching and the quenching caused by nonradiative 
transfer of excitation energy. On the one hand, Cu(II), Cu(I), Ag(I), Ag NPs and laser irradiation 
(λ = 457 nm) quench AO fluorescence and on the other hand, increase FRET intensity. It 
obviously points out that there are different reasons for the phenomenon, in particular, FRET 
intensity is connected with the quality of double helix, i.e. stability constant of AO and EB with 
DNA. 
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Table 3. Cu(II), Cu(I), Ag(I) ions, AgNP, laser irradiation (λ= 457 nm) and heating effects on 
eET
1)
 and    
            
        
   2) 
Stress factor for 
DNA - AO - EB 
3)
 
                (bp)  
4)
    
  
  
 
      
  
      
  
 
-  20 15 1 
Cu(II) 58 10-9 0.63 
Cu(II)+hv 77 8-7 0.5 
Cu(I) 53 10 0.67 
Cu(I)+hv 81 7 0.47 
Ag(I) 67 8-9 0.57 
AgNPs (1) 62 9 0.6 
AgNPs (2) 76 8-7 0.5 
Heating    
20
0
C 20 15 1 
50
0
C 48 10-11 0.7 
60
0
C 52 10 0.67 
70
0
C 76 8-7 0.5 
80
0
C 81 7 0.47 
90
0
C 82 7 0.47 
Boiling    
20
0
C 30 13 1 
100
0
C, 5 min 80 7 0.54 
100
0
C, 10 min 87 6 0.46 
100
0
C, 20 min 95 4 0.31 
 
1) 
Förster resonance electron excitation energy transfer from donor AO to acceptor EB. 2) relative 
concentration of DNA double helix areas applicable for AO and EB intercalation, where    
   is 
concentration of double helix areas in bp left after stress effect,    – initial DNA concentration in 
M bp,       
  – distance between AO and EB at initial DNA concentrations,       
   – distance 
between AO and EB after stress; 
3) 
different effects on DNA double helix; 
4)        – distance 
between AO and EB in bp units evaluated from efficiency eET ( see Table 2).   
 
 
 Besides, temperature effect on FRET stability was investigated. Fig.12 shows heating 
effect on DNA solution located in a hermetic test-tube in thermostat. At various temperatures T 
= 50, 60, 70, 80 and 90
 o
C, 2 ml of DNA solution was taken out and put into icy bath (T = 0 
o
C), 
then at 20 
o
C intercalator pair AO-EB was added to the solution and fluorescence spectra were 
registered. 
 Fig.13 shows fluorescence spectra for ternary complexes AO-DNA-EB. The complexes 
were prepared as follows: DNA solutions put in hermetic test-tubes were kept in vitro in thermal 
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bath at the temperature 100
0
 C for different periods of time (5, 10 and 20 min). Then they were 
quickly cooled in icy bath (T = 0 
o
C). After the procedure intercalator pair AO-EB was added to 
the solution and fluorescence spectra were registered.  From the spectra given in Figs. 12, 13 and 
with the application of Table 2 the effectiveness of FRET, the data for the distance between AO 
and EB in bp units, as well as the relative concentrations of DNA sites applicable for 
intercalation were estimated. The results are given in Table 3. 
 Analyzing data given in Table 3 we can make a conclusion that the ions of the 
investigated transition metals, laser irradiation of AO and the effect of heating decrease the 
concentration of undamaged areas of DNA double helix, i.e. the sites able to intercalate dye 
molecules such as AO and EB. In its turn, it leads to increase of intercalator concentration per 
undamaged area of double helix, i.e. to decrease of the distance between AO and EB and finally 
to the increase of FRET effectiveness. Thus, the proposed laser-induced fluorescence method 
FRET allows to estimate the concentration of double helix areas with high quality stability 
applicable for intercalation in DNA after it was subjected to stress effect. It gives the opportunity 
to compare DNAs of 1) different origin; 2) with various damage degrees; 3) being in various 
functional state. 
 
Conclusions 
The method of laser induced fluorescence excitation energy transfer to donor-acceptor 
intercalator pair for quantitative and qualitative study of stability quality DNA double helix in 
solution, in real time, is offered. The approach is based on the example of acridine orange 
molecule (donor) and ethidium bromide (acceptor) intercalated in DNA. 
It is shown that ions Cu(II), Cu(I), Ag(I) and Ag NPs, laser irradiation of AO and the 
effect of heating decrease the concentration of undamaged areas of DNA double helix, i.e. the 
sites able to intercalate dye molecules such as AO and EB.  
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FRET radii were experimentally estimated in background electrolyte solution (0.01 M 
NaNO3) and proved to be 3.9 ± 0.3 nm and the data are in satisfactory agreement with the 
theoretically calculated value R0 =  3.5 ± 0.3 nm. 
FRET method allows to estimate the concentration of double helix areas with high 
quality stability applicable for intercalation in DNA after it was subjected to stress effect. It gives 
the opportunity to compare DNAs of 1) different origin; 2) with various damage degrees; 3) 
being in various functional state. 
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Figures 
 
Fig.1 Absorbtion spectra of DNA-AO before and after laser (λ= 457nm) irradiation: (a) DNA-
AO (0); (b) DNA-AO (7 min); (c) DNA-AO (14 min); (d) DNA-AO (21min). [DNA]-0.7·10-3 M 
(P), [AO]-0.7·10-4 M, [NaNO3]-10
-2
 M.  
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Fig. 2 Laser irradiation effect on AO molecules in binary and ternary complexes AO-DNA, AO-
DNA-Cu(II), AO- DNA-Cu(I) and AO-DNA-EB.  — AO-DNA-Cu(I);  — AO-DNA-Cu(II), 
 — AO-DNA-EB  — AO-DNA,  — DNA-AO-Ag (I).  [DNA]–0.7·10-3 M (P), [AO]– 
0.7·10-4 M, [EB]–0.7·10-4 M, [AA]–1.4·10-4 M, [Ag+]–0.7·10-4 M, [CuCl2]–0.7·10
-4
 M,   
[NaNO3]–10
-2
 M. 
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Fig. 3 Fluorescence spectra of binary and ternary AO complexes: (a) AO-DNA and (b)AO-
DNA-EB. [DNA]-1.4·10-4 M (P), [AO]-0.14·10-4 M, [EB]-0.14·10-4 M, [NaNO3]-10
-2
 M.  
 
 
 
 
 
 
 
 
 
 
 
 
18 
 
 
Fig.4 Lighting system applied for laser induced fluorescence registration in rectangular cells (40 
and 80µl).  In this case, the laser beam passes through the turning prism 1 and gets on focusing 
lens 2 with a focal length of 18mm. The focal plane of the lens is coincided with the center of the 
sample. Exciting beam of radiation passing through the cuvette 3 with sample and a spherical 
mirror 4 is sent back and refocused at the center of the sample. Thus, the output window of the 
laser and a spherical mirror 4 forms multi-step system in which light can make a 6-8 passes. The 
projection system consisting of a lens 5 can form an image of the sample on the entrance slit of 
the CCD spectrometer. Mirror 6 collects light scattered away from the sell, and focuses it into 
the center of the cuvette. 
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Fig. 5 Fluorescence spectra of ternary AO-DNA-EB complexes. [DNA]-1.4·10-4 M (P), [AO]- 
0.14·10-4 M, [EB]-0.14·10-4 M, [NaNO3]-10
-2
 M.  
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Fig.6 Fluorescence spectra of double and ternary DNA-AO and DNA-AO-EB complexes where 
concentration of DNA changes the distance between donor AO and acceptor EB. (a) DNA-AO 
[DNA]-2.8·10-4 M (P), [AO]-0.14·10-4, [EB]-0.14·10-4 M, [NaNO3]-10
-2
 M. (b) DNA-AO-EB 
[DNA]-10∙10-4; (c) DNA-AO-EB [DNA]-8·10-4; (d) DNA-AO-EB [DNA]-6·10-4; (e) DNA-AO-
EB [DNA]-4·10-4; (f) DNA-AO-EB [DNA]-2.8·10-4; (g) DNA-AO-EB [DNA]-1.4·10-4; (h) 
DNA-AO-EB [DNA]-10
-4
. 
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Fig. 7 Ignition curves of AO fluorescence depending on the distance between AO and EB 
intercalated in DNA. 
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Figs. 8 Influence of Cu(II) and laser irradiation (λ = 457 nm) on electron excitation energy 
transfer effectiveness  from AO to EB intercalated in DNA. (a) DNA-AO; (b) DNA-AO-EB; (c) 
DNA-AO-Cu(II); (d) DNA-AO-Cu(II) 10 min irradiation; (e) DNA-AO-Cu(II)-EB; (f) DNA-
AO-Cu(II) 10 min irradiation +EB. [DNA]-9.6·10-4 M (P), [AO]-0.14·10-4, [EB]-0.14·10-4 M, 
[CuCl2]0.14·10
-4
 M, [NaNO3]-10
-2
 M. 
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Figs. 9 Influence of Cu(I) ([ascorbic acid]/[Cu
2+
] 2:1) and laser irradiation (λ = 457 nm) on 
electron excitation energy transfer effectiveness  from AO to EB intercalated in DNA. (a) DNA-
AO; (b) DNA-AO-EB; (c) DNA-AO-Cu(I); (d) DNA-AO-Cu(I) 10 min irradiation; (e) DNA-
AO-Cu(I)-EB; (f) DNA-AO-Cu(II) 10 min irradiation +EB. [DNA]-9.6·10-4 M (P), [AO]-
0.14·10-4, [EB]-0.14·10-4 M, [CuCl2]-0.14·10
-4
 M, [AA]-0.24·10-4 M, [NaNO3]-10
-2
 M. 
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Fig. 10 Quenching of fluorescence by Ag
+ 
ion in DNA-AO-EB complex. (a) DNA-AO, (b) 
DNA-AO-EB- Ag
+ 
(C1), (c) DNA-AO-EB-Ag
+ 
(C2), (d) DNA-AO-EB-Ag
+ 
(C3). [DNA]-2.8·10
-4
 
M (P), [AO]-0.14·10-4 M, [EB]-0.14·10-4 M, [Ag+]-0 (C1), [Ag
+
]-6.0·10-6 M (C2),  [Ag
+
]-
30.0·10-6 M (C3),  [NaNO3]-10
-2
 M. λ=460 nm 
 
 
 
 
 
 
 
 
 
 
25 
 
 
Fig. 11 Quenching of fluorescence by AgNPs in DNA-AO-EB complex. (a) DNA-AO, (b) 
DNA-AO-EB- AgNPs
 
(C1), (c) DNA-AO-EB-AgNPs (C2), (d) DNA-AO-EB-AgNPs
 
(C3). 
[DNA]-2.8·10-4 M (P), [AO]-0.14·10-4 M, [EB]-0.14·10-4 M, [AgNPs]-0 (C1), [AgNPs]-6.0·10
-6
 
M (C2),  [AgNPs]-18.0·10
-6
 M (C3),  [NaNO3]-10
-2
M. λ=460 nm. 
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Fig.12 Heating  effect on DNA solution located in a hermetic test-tube in thermostat at various 
temperatures t= 50, 60, 70, 80 and 90
 o
 C. (a) DNA-AO, (b) DNA-AO-EB, (c) DNA-AO-EB 
50
o
C, (d) DNA-AO-EB 60
o
C, (e) DNA-AO-EB 70
o
C, (f) DNA-AO-EB 80
o
C, (g) DNA-AO-EB 
90
o
C.  [DNA]-2.8·10-4 M (P), [AO]-0.14·10-4 M, [EB]-0.14·10-4 M, [NaNO3]-10
-2
 M.  
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Fig.13 Fluorescence spectra for ternary complexes AO-DNA-EB. The complexes were prepared 
as follows: DNA solutions put in hermetic test-tubes were kept in vitro in thermal bath at the 
temperature 100
0
 C for different periods of time (5, 10 and 20 min). (a) DNA-AO, (b) DNA-AO-
EB (0 min), (c) DNA-AO-EB (5 min), (d) DNA-AO-EB (10min), (e) DNA-AO-EB (20min).  
[DNA]-2.8·10-4 M (P), [AO]-0.14·10-4 M, [EB]-0.14·10-4 M, [NaNO3]-10
-2
 M. 
 
